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SUMMARY

Several methods for aerodynamic reduction of
errors in sensing static pressures at subsonie, near-
sonie, and low supersonic speeds were investigated by
tests of error-reduction probes ahead of aircraft
models in transonic wind tunnels.  The tests were
conducted at Mach numbers from 0.4 to 1.2 with
Reynolds  numbers  (per foot) from 2.3X10° to
4.2X10% for angles of attack from 0° to 8°.

The principal static-pressure error investigated
was that due to position of pressure-sensing device
ahead of airplane fuselage or missile nose; a suitable
means for estimating this error was provided by com-
bined flight and wind-tunnel data. A method of
error eompensation by use of probe-surface induced
pressures ix deseribed and results of tests to rerify
the method are included. Other investigated errors
included those associated with bow-ware passage at
low supersonic speeds and with angle of attack.
Simple methods for combining the aerodynamic re-
duction of these errors anith aerodynamic compensa-
tlon for position error are described and experimental
results that ralidate these methods are presented.

Results of the present investigation rndicated that
static-pressure probes of stmple design can be used
lo compensate aerodynamically for position errors
at Mach nunbers wp to about 1.0 with resultant
static-pressure errors of less than 0.5 percent - -
equiralent to altitude errors of about 100 feet. The
results also showed that probes of appropriate design
can aerodynamically reduce combined errors due to
position of sensing device and bow-wave passage, or
to position and angle of attack, to resultant errors of
less than 0.5 percent.

INTRODUCTION

The advances of aireralt speed into and through

the transonic range, with attendant inereases in
flight-safety problems; have aceentuated the need
for improved accuracy in determining the flight
parameters of altitude, airspeed, and Mach
number.  This needed aecuracy is largely depend-
ent upon the correct measurement of free-stream
statie pressure.  The acceurate determination of
transonie speeds is  difficult,
however, principally because of pressure sensing

this pressure  at

errors associated with the statie-pressure probe
and its attitude and position in the disturbed
field of flow near the aireraft.  The magnitude of
such errors, as indicated by fhight data for con-
ventional nose-boom airspeed installations ahead
of various aireraft (ref. 1), is sonietimes larger
than 10 percent of the free-stream static pressure
at transonic speeds (fig. 1); this is equivalent to
altitude crrors of several thousand feet and to
Aach number errors of approximately 10 percent
at near-sonic speeds.  The necessity for reducing
errors of this magnitude has recently been empha-
sized 1n connection with flight-safety problems
associated with air-traffic control (where vertical
separation of aireraft 1s necessary for avoidance
of midair collisions) and with the accurate per-
formance of pressure-sensitive automatic control
systems of airplanes and aerodynamic missiles.
A statie-pressure-measurement aceuracy equiv-
alent to a pressure-altitude accuracy of about 100
feet appears desirable from  considerations of
flving safely at both subsonic and supersonic
speeds.  Figure 2 shows that this pressure-altitude
aceuracy corresponds for standard atmospheric
conditions (ref. 2) to about 0.5 pereent ol the
static pressure.  The attainment of this accuracy
by use of a conventional nose-boomn pressure
installation ahead of a typical aireraft would
1
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Fravne 1.-—Static-pressure errors due to position of sensor ahead ¢f various aireraft at subsouic and transonic speeds.

Data from reference 1; dimensions are in feet.

neecessitate the use of an impractically long boom  aircraft nose. The use of a boom of any practical
. . o, . . . el
extending several fuselage diameters ahead of the  length would position the pressure-sensing orifices
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in a field of increasing disturbance near the
aireraft where pressures sensed by a conventional
probe would require correction for position error,
This correction can be applied by use of electro-
mechanical systems (ref. 3), but the complexity
of such systems emphasizes the desirability of
utilizing simpler crror-compensation devices based
on acrodynamic mstead of electrical and mechani-
al prineiples.  Some ecarly work on aerodynamie
compensation of position error was deseribed in
reference 4 and more recent investigations were
reported in references 5 to 8; these previous
attempts employed the base pressures of bluff
bodies for error compensation.

The present research was undertaken to investi-
gate an acrodynamic-compensation method based
upon the simple aerodynamic conecept of using
induced pressures lower than free stream at sur-
faces of bodies of revolution to compensate for
the pressures higher than free stream at seleeted
positions ahead ol aireraft noses.  This investiga-
tion involved wind-tunnel tests for experimentally
cheeking the performances of probes designed to
compensate acrodynamically for the position crror
ahead of several aireraft models at subsonic
speeds as well as probes designed to provide free-
stream static pressure at low supersonic speeds
and acrodynamie compensation for position error
at subsonic speeds.  Probes designed to provide
aerodynamic reduction of combined crrors due to
sensing-device position and angle of attack were
also tested.  The tests were conducted in tran-
sonie wind tunnels at the Langley Research Center
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at Mach numbers from 04 to 1.2, Reynolds
numbers (per foot) from 2.3 10° to 4.2X10° and
angles of attack from 0° to 8°.

SYMBOLS
d maximum diameter of probe
D maximum diameter of body or fuselage
f fineness ratio of body or fuselage
h, pressure altitude
l effective length of body or fuselage

(twice the axial distance from nose
to maximum-diameter station)

M local Mach number

M, free-stream Mach number

AM Mach number error

Iz local static pressure or pressurc sensed
by probe

Pre tunnel-calibration reference pressure in
tank surrounding slotted test section

Vo free-stream static pressure

P stagnation or total pressurce

r local radius of body

R Reynolds number or radius of circular-
arc support strut

U free-stream velocity

x axial distance from nose of aireralt or
model

x’ axial distaunce from tip of probe nose

y distance from center line to surfuce of
probe

a angle of attack

6 circumferential loeation of orifice from
the bottom ol the probe

u viscosity of air

p mass density of air (free stream)

Subseripts:

des design value

meas tmeasured value

x value at position z ahead of aireraft or

model nose

1, 2, 3, 4 axial locations for probe orifices

PRINCIPLES OF ERROR-REDUCTION METHODS

COMPENSATION FOR POSITION ERROR

The present method of obtaining an accurate
indication of free-stream static pressure for aireraft
or missiles depends on the approximate cancella-
tion of two pressure characteristies, as illustrated
in figure 3. The first characteristic, the axial gra-
dient of static pressure ahead of a body (fig. 3(a)),
arises from deceleration of the flow ahead of the
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(a) Static-pressure error due to sensor position in subsonic
flow ahead of aireraft for a particular Mach number.

(b) Probe induced pressures suitable for use in acro-
dynamie compensation for position error for a particular
Mach number.

(¢) Typical variation with Mach number of error to be
compensated and of approximate compensation afforded
by probe induced pressures.

Fieure 3.—Illustration of present mecthod involving the
use of probe-surface indueced pressures for aerodynamic
compensation for statie-pressure error due to sensor
position ahead of aireraft at subsonie and near-sonic
speeds.

body at subsonic speeds. It would be desirable to
know these gradients precisely for any configura-
tion on which it is necessary to install a statie-
pressure sensor.  However, if such measurements
are lacking, these pressure gradients and their
variation with Mach number may be estimated
from a generalized chart (tig. 4). This chart com-
bines data from references 1 and 9 as well as data
from the present investigation for configurations
similar to airplane fuselages and missile bodies.
Similar charts could be developed for locations
alicad of aireraft wings by use of such data as are
given in references 10 and 11.

The sccond pressure characteristic is that of the
induced pressure on bodies, generally bodies of
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acrocynamie bodies at Mach numbers from 0,40 to 1.02,

revolution.  (See fig. 3(b).) It is demonstrated in
this report that orifices can be located on such
bodices at points where the magnitude and varia-
tion vith Mach number of surface pressures is
oppos te to that existing in the field ahead of a fuse-
lage (lig. 3(c¢)). For best results, then, a probe
shoulc be shaped to produce indueed pressures
appro:imately opposite to the errors due to posi-
tion when a comparison is made on the basis of the
local X ach number at the station of measurement
(fig. 3 ¢)). Sufficient data are available on body-
of-revolution pressure distributions to provide
wide range of selection of induced-pressure level.
(See, for example, refs. 12 to 17.) Some of these
data which have been used for the design of
probes used in the present investigation are shown
in figure 5.
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(a) Body of revolution with baxic-shape afterbody.  f=-12;
D=3.33 inches; orifice dinmeter=0.020 inch. Data are
averages of values from references 12 to 14, and from
unpublished measurements.

(b) Body of revolution with eylindrical afterbody. f=12;
D=3.33 inches; orifice diameter=0.030 inch for nose
and 0.025 inch for eylinder.  Data from reference 15.

{¢) Typieal transonic body. f=6; D=4 inches; orifice
diameter=0.010 inch. Data from reference 16.

Ficure 5.—=Several bodies of revolution and their experi-
mentally determined surface pressures suitable for use
in the aerodynamic compensation for position error
ahead of airceraft at subsonic and transonic speeds.
a=0°; p,=1 atmosphere.

OTHER ERROR CONSIDERATIONS

Combined errors due to sensor position and
bow-wave passage.— At supersonic speeds after
the aircraft bow wave has moved some distance
downstream of the static-pressure orifices in a
nosc-boom installation, the sensed pressures are

unaffected by aireraft disturbances. The free-
stream static pressure can then be sensed by
means of orifices in eylindrical-tube surfaces of
probes designed also to provide induced pressures
for compensating position error at subsonic speeds
{(fig. 6(n)). For such probes the pressures sensed
by orifice systems A and B (fig. 6(a)) may be indi-
cated by separate instruments or by a common
instrument and appropriate switching between
the alternate orifice systems. Automatic switch-
ing devices may be actuated by the ratio of static
pressure to total pressure or by the differential
pressure associated with bow-wave passage.

An arrangement for obtaining, by use of a com-
mon system of orifices, approximate {ree-stream
pressures at supersonic speeds and induced pres-
sures suitable for error compensation at subsonie
speeds is illustrated in figure 6(b). The acro-
dynamic basis for this arrangement is associated
with fundamental differences between subsonic
and supersonic pressure distributions for nose
surfaces, as illustrated by body-of-revolution pres-
sure distributions shown in figure 7 (data from
refs. 12 to 14 and 18).  For the case illustrated in
figure 7, it is apparent that approximate free-
stream pressures at supersonic speeds and com-
pensation at subsonic speeds may be obtained by
a single ring of orifices at x/l=0.21 or by several
rings of orifices at different axial stations (fig.
6(b)). Other information concerning the use of
nose-surface orifices for sensing pressures at super-
sonic speeds is reported in references 19 and 20.

Combined errors due to sensor position and
angle of attack.—At angles of attack other than
zero, the sensing of free-stream static pressures by
means of aireraft nose-boom pressure installations
involves errors associated with changes in the
crossflow around the pressure-sensing probe at all
speeds and with flow changes in the disturbance
field of the aircraft due to changes in angle of
attack at subsonic and near-sonic speeds.  Figure
8 illustrates the variation of induced circumferen-
tial pressure distributions for a probe-type
body of revolution at various angles of attack.
It is apparent that such variation can cause sig-
nificant change in the average pressure sensed by
interconnected orifices around the circumference
of a probe. These variations can be largely
avoided by locating pressure-sensing orifices about
37.5° from the bottom (stagnation point of cross-
flow) of the probe.  (See fig. 8 and refs. 20 and
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Ficure 6. —-Several arrangements for directly sensing the free-streum static pressurce at subsonic and supersonie
speeds by means of probe-surface orifices.
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Frevne 7.—Hlustration of pressure-distribution changes
with Mach number which permit the selection of body-
of-revolution nose orifices for indicating approximate
free-stream pressures at supersonie speeds and induced
pressures at subsonic speeds.  f=12;a=0°.

21.) This indicated insensitivity of local probe-

surface pressures at 8=37.5° to angle-of-attack
variation was Incorporated into the design of

probes briefly tested during the present investi-
gation.

Another method for acrodynamically reducing
static-pressure error due to inclination of a probe
with o-ifices around the entive circumlerence in-
volves the simple procedure of designing the probe
to sense pressures somewhat larger than free-
stream values when the probe is at «=0° in order
to extend the attitude range that can be tolerated
while the error is kept within acceptable limits.
This procedure involves the caleulated undercom-
pensation for position error at subsonic and near-
sonic speeds and the use of orifice arrangements
for providing pressures larger than free stream at
supersenic speeds.  The use ol orifices located at
regular close mtervals around the entire cireum-
ference of the probe then provides for the redue-
tion of error due to probe inclination in any plane.
An experimental check of this method was ob-
tained during the present investigation.

APPARATUS

WIND TUNNELS

The tests of the present investigation were
conducted in  the longitudinally  slotted test
sections of the Langleyv S-foot transonie tunnel
and the Langley 8-foot transonic pressure tunnel,
A desiription of the Langley R-foot transonic
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Frevre 8, ~Effect of angle of attack on circumferential
pressure distributions at axial stations on nose and on
evlindricul portious of a probe-type configuration at

transonic speeds.  Data from reference 15.

tunnel, including flow and interference character-
isties, is given in reference 12, Pertinent details
concerning the model support system and the
geometry of the test section of the Langley 8-foot
transonic pressure tunnel are shown in figure 9.
In this facility the open area of the slotted top
and bottom walls comprises approximately 5
percent of the total periphery of the test section;
the cross-sectional area of the test region is ap-
proximately 50 square feet. The humidity is
controlled by drving the areain the tunnel to
appropriate dewpoints between 0° F and —40° F.

536272 --60- —2

MODELS FOR POSITION-ERROR MEASURE MENTS AND PROBE
TESTS

Sting-mounted models employved for position-
error measurements and for probe tests during the
present investigation are shown in figure 10,
The models utilized slender, bluff, and inter-
mediate nose shapes to permit experimental
studies of position error and probe performance
ahead ol acrodynamic configurations having dif-
ferent nose shapes.  The slender-nose transonie
aircraft model included fuselage, wing, and tail
surfaces, the principal dimensions and nose ordi-
nates ol which are given in figure 10(a). The bluff-
nose body of revolution utilized a hemispherical
nose as llustrated in figure 10(b).  The intermedi-
ate-nose body of revolution (fig. 10(¢)) utilized a
nose shape which simulated that of a subsonice
transport airplane. A photograph of the slender-
nose model with an acrodyvnamic-compensation
probe extending ahead of the fuscluge nose is
shown as figure 10(d).

STATIC-PRESSURE TUBES AND PROBES

Tubes for measurement of position error ahead
of models.—The static-pressure survey  tubes
used for measurements of position error ahead of
the models shown in figure 10 consisted of 0.375-
inch-diameter steel tubing with ogival noses at
the upstream ends.  The tubes contained 0.031-
inch-diameter pressure orifices installed at various
axial locations sufficiently far (more than 10 tube
diameters) downstream of the tube noses to he
essentially uninfluenced by flow gradients due to
the noses.

Probes for aerodynamic compensation for posi-
tion error at subsonic and near-sonic speeds.—
Several probes used for aerodynamic compensa-
tion for position crror ahead of models in this in-
vestigation are shown in figure 11(a), and their
ordinates are given in table 1. Probes 1 and 2 are
of the same design and utilize a nose shape sunilar
to the forebody of an extensively tested body of
revolution (refs, 12 to 15) for which pressure dis-
tributions are given in figures 5(a) and 5(b). A
photograph of probe 1 is shown as figure 11(b).
Probe 3 utilizes the same nose shape as probes 1
and 2 but the alterbody is indented, as shown in
figure 11(a). A photograph of probe 3 is shown
as figure 11(c). Probes 4 and 5 are of identical
design (fig. 11(a)) and have the nose shape of the
“typical transonic body " described in reference 16.
All of the probes had the same diameter (0.375
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Fravre 9. Sketehes of typical arrangements for testing anerodynamic-cc mpensation probes in the Langley 8-foot transonic

pressure tunnel.,

in.) and were designed for use with the models
shown in figure 10.  Probe construction accura-
cies, as indicated by averages of measurenents of
radii at four circumferential stations 90° apart,
are shown in ficure 12. Probe surfaces were
maintained smooth and free of appreciable irregu-
larities by use of erocus abrasives applied in the
streamwise direction; no measurements of surface
roughness  were made.  Distributed roughness
about 0.003 inch high, estimated to be adequate
for fixing transition (refs. 22 and 23), was used
near the upstream ends of the probe noses (fig.
11(a)) to insure uniform conditions for all tests.
Probes for aerodynamic reduction of combined
errors due to position and bow-wave passage.—
Probes 1A and 1B, which were used for aerody-
namic compensation for position error at subsonic

All dimensions : re in inches,

speeds and for sensing free-stream pressures at
supersonic speeds, are shown in figure 13; these
probes were the same as probe 1 except that addi-
tional pressure orifices were installed at selected
axial lo ‘ations.  These probes had approximately
the san.e surface conditions and transition-fixing
distribt ted roughness used for probe 1,

Probes for aerodynamic reduction of combined
errors c.ue to position and angle of attack.—-Probes
1C and 5C, which were used for combining the
acrodyramic compensation for position error with
a simp ¢ method for acrodynamic reduction of
static-pressure error due to angle of attack, are
shown 'n figure 14. These probes were the same
as probrs 1 and 5 except that the pressure orifices
used with probes 1 and 5 were filled with solder
and at the same axial locations new 0.031-inch-
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(a) Slender-nose transonie aireraft model.
(b) Bluff-nose body of revolution.
() Intermediate-nose body of revolution.
() Slender-nose transonic aireraft model with aerody-

namic-compensation probe ahead of model nose.
Fravre 10 Sting-mounted wind-tunnel models ahead of
which aecrodynamic-compensation probes were tested
and position-error measurements were obtained daring
the present investigation.  Dimensions and ordinates
are given in inches.

diameter orifices, opening into a common settling
chamber, were eircumferentially spaced 75° apart
(tig. 14).  Probes 1C and 5C had the same surface
conditions and transition-fixing roughness used for

probes 1 and 5.

Distributed

roughness .12 onfices (0.03!-in. diam)
for fixing circumferentiolly spaced 30° opart
?ronsmont‘ ‘ and open to common chamber
. | K

T il,,,,,if;'i;;,,lq 375 @
2 e ‘ t ;
,371 - | ‘ 125

g 1.85 -

4 1/2:225 Gircular

{ogive nose, £:=12) cylinder

Probes | ond 2

- 12 orifices (0.031~in. diam.)
circumferenticlly spaced 30° oport
aond open to common chamber

Distributed
roughness, 275
! >

""" ]

2 N ] R S 3 @
51t ! i

. wese2s . BD 125

- 296 o pircraft -mode!

‘ nose

L 3.50 (body with ogwe Circular

i nose, £=12) cylinder

Probe 3
Distributed 12 orifices (0.031-in. diam.)

roughness ’ circumferentially spoced 30° cport
' ond open to common chamber
¥ ! |
< L4 375
T S,
- 93 - | 125
J/e=1.125, Circular
' (ogive cyhinder
nose,
£:6)
Probes 4 ond 5
(o}

(0} L-58-1318

(a) Probe details and dimensions.
(by Probe 1.
Fiauvre 1. —Probes used for experimental verifieation of
induced-pressure method for aerodynamic compensation

for static-pressure error due to poxition.  All dimensions

are in inches unless otherwize specified.

Large-size probes used for measuring effects
due to angle of attack and nose-geometry change.—
Probe 6, emploved for a brief investigation of the
effect of angle of attack on pressures sensed by
the probe, is shown in figure 15¢a). The down-
stream portion of the probe was constructed of
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TABLE I.—DESIGN ORDINATES FOR NOSES OF

PROBES 1 TO 7
Probes 1 and 2 Probes 4 and 5

¢, in Yoy, in o, in ‘ ¢, in
; |
\ | !
0 0 ‘ 0
. 023 L0104 L0104
L0344 L0134 L0134
L 056 L0193 R
3 L0325 L0325
L 225 L0542 L0542
. 338 L0726 . O8K6
. 450 L O8KRT L1391
L 67) L1166 37! L1683
900 . 1390 SO00 1828
1. 125 L1354 1125 | L 187TH
1. 330 . 1684 !
1. 575 L1770
20025 . 1865 .
5 S50 . 1873 Probe 6
l I -
i Y’y in.
’'robe 3 o _
4] ) :
r'Lin y'.in 060 0277 |
o 090 ‘ L0358
L 150 | 0513
0 () . 300 . U866
023 L0104 .U BEREIY
34 L0134 L 900 L1935
56 RIR3R] . 200 L2367 |
13 L0325 1. 800 i L3110
L2225 L0542 20408 I L3708
338 L0726 3. 000 : ST
130 L ORRTY 3,600 4490
675 | L1166 k200 REYR R
. 900 . 1300 L 800 L A8TH
1. 125 . 1559 5. 10 970
1. 3350 . 1GR 6. 000 . 5000
LA75 L1770
2.025 L 1IRGH
2250 C18TS Probe T
2475 1838 robe
| 2,738 IR
2025 172 e Wi,
3,150 L1603 '
3.375 . LIS -
3510 L1250 0 . 1875
_ _ . 030 L1935
. 330 . 2367
. 930 L3110
1. 530 . 3708
2130 L H1AT
2,730 E0
3. 330 AT
3,030 { . 4875
4530 L4970
. 130 . 5000

T-inch-diameter steel tubing.
the probe utilized the same shape as that used for
probes 1 and 2;its design ordinates are given in
table 1 and its construction accuracy is indicated
Pressure orifices at four axial loca-
tions opened into four pressurc-averaging chambers

in figure 12,

The nose portion of

ich L-58-1317
(¢) Probe 3.

Frovre 11 Coneluded,

- ”*7"‘ 1 : i T T | R A B S “
. . g g:ggg '2 identical design j—
n : A I S|
¢ T ? T ﬁ; - \

0 A 2 3 a 5 s 7 ¥
x/l

Probe construetion inaceuracies as indieated
by dif'erences between measured and design radii of
probes 1 to 7.

Frovee 2.

from wich pressure leads were brought out as
shown i figure 15(b).

Probe 7, employed for ascertaining the effect of
a nose 1otal-pressure opening on probe-surface in-
duced pressures, is shown in figure 16, The design
shape of probe 7 was the same as that of probe 6
except that the upstream tip of probe 7 was cut
off for nstallation of a 0.375-inch-diameter total-
pressure opening.  The axial location of static-
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4 rings of 12 orifices (003I-in. diam.),
circumferentiolly spoced 30° apart, open
fo common pressure-averaging chamber;
circumferential locations o? orifices in

{’:od]ocem rings ore |5° apart

.2in. '
,3"%:&4]![ | 125
84—~ '
b -
F —1.85—= !
k- 1/2:2.25 -~ Girculgr - —
(ogive nose, cylinder
f=12)
Probe |A

3 rings of 12 orifices (003I-in. diam.),
circumferentially spaced 30° opart,
.open fo common pressure -overaging
.7/ chamber; circumferentiol iocations of
! orifices in adjocent rings are 15° opart

},bvd c

n® @

Distributed
roughne
)

2in~ ] ‘I‘
3 »J | 125
‘ -995J |

1722225 —e——Circulgr —————

(ogive nose, cylinder
7=12)
{a) Prabe 18

) L-58-390I
(a) Details and dimensions of probes 1A and 1B.
by Probe TA.

Firavre 13, Small-size probes for sensing approximate
free-stream static pressure at supersonic speeds and
acrodyvnamically compensating for position error at
subsonic and near-sonic speeds.

pressure orifices on probe 7, relative to the original

nosc, was the same as that for orilice location 2

on probe 6.

A evlindrical tube (not shown) of t-inch diam-
eter was used for measuring the effects of angle of
attack on pressures sensed by orifices cireumfer-
entially located 30°, 33°, 36°, 37.5°, and 40° from
the bottom of the tube. The diameter of the
ortlices n the tube was 0.031 inch.

TESTS AND DATA
TESTS

Some ol the presently reported tests were
conducted i the Langley 8-foot transonie pressure

.- Distributed roughness
’ 125

B ¢ b
RS0

e
Crossflow

375>

A0 = b

- 93—

17221125 -+ 375°
(b)

.~ .

|
‘
|
—|vii
I
|
i
I
|
i
|
|
SRS
o
-3
w

Crossflow

() Probe 1C with two orifices (0.031-in. diam.) circum-
ferentially loeated 37.5° from  stagnation point  of
crossflow.

(b) Probe 5C with two orifices (0.031-in. diam.) circums-
ferentially  loeated 37.5° from  stagnation paoint  of
crosstlow,

Frevre 14 Probes used for combining aerodynamic
compensation for position error with a simple method
for acrodynamic reduction of static-pressure error due
to angle of attack.  All dimensions are in inches unless
otherwixe specified.

_ . - Orifices (0.03I diam.; 12 in

Distributed each ring) at four axiol
| roughness locations
‘ - 3 .4 '
< z 100
oo ; % ©
S 260 = -
-4.95 - . Circulor 300 '
Nose, 1/2:6.00 « i cylinder
- 10.00 - ‘
F 12.50 : -
(a)

Pressure orifices of
different oxial locations,
A3 4 P4

Probe surface
Pressure tubing,

P3

Pa
, - Rod for spacing . A
?lef)prene O rings and securing
'0" ring plugs "0" ring plugs

Section A-A
(b)

(a) Probe 6.

(b) Illustiration of 0’ ring technique used for construeting
pressure-averaging chambers at different axial loeations
of orifices for probe 6.

Firevre 15, Large-size probe and tubes used for measuring
the effect of angles of attack on pressures sensed by
orifices at four axial loeations.  All dimensions are in
inches unless otherwise specified.
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12 orifices (0.031-in. diam.)
crcumferentiolly spaced 30° oport
and open 10 common pressure -

375 averaging chomber

4 Distributed roughness  p, Py =100

v - T Ty 8 ’@(ﬁ%
o ‘ I

] ; 14 B2 R
- 408 - ~300

094 Circular cyling 30
- Nose, 1/2 = 513 revior cylinder

Frovre 16, Large-size probe 7 used for determining the
effect of a total-pressure opening on statie pressures at
orifices Joeated 4.08 diameters from the nose.  All
dimensions are in inches unless otherwisze indicated.

tunnel and others were performed in the Langley
8-foot transonie tunnel.  The testing character-
isties o these tunnels were approximately the
same and no appreciable differences in test results
appeared  likely.  The  principal  measurements
obtained during the presently  reported tests
included average statie pressures in the tunnels
and average pressures sensed by the investigated
static-pressure probes.  These measurements were
generally  obtained by visually reading or by
photographically recording the heights of tetra-
bromocthane in multiple-tube manometers con-
neeted  to o the
concerned. Tunnel

pressure  orifices  or  chambers
stagnation
aceurately measured by means of an absolute-

manometer.  Schlieren

pressures  were
pictures  were
obtained when possible to supplement the pressure
measurentents,

The tests utilized flow calibrations similar to
those deseribed in reference 12 which used as a
basis of reference the ratio of the stream total
pressure to the pressure in the tank surrounding
the slotted test section.  The calibrations were for

pressure

the particular regions at which the pressure-sensing
ortfices on the probes were located lor testing.

The angles of attack of the models and probes
were varied by means of the movable cireular-are
support struts.  The centers of rotation of the
circular-are struts were located somewhat down-
stream of the probe pressure ortfices (fig. 9), so
that  there small displacements  of  the
pressure-sensing  orifices from the tunnel eenter
lines at Iarge angles of attack.

The relative humidity in the Langley 8-foot
transonic  tunnel was  generally  controlled by
heating to avoid saturation conditions in the test
seetion Tor both flow calibration and probe tests.
In the Langley 8-foot transonic pressure tunnel
deying was emploved, as previously noted, to
minimize humidity effects.

were

distributed
employed for fixing transition during the present
tests wis not experimentally checked.

The test conditions included Mach numbers
from ahbout 0.4 to 1.2, angles of attack from 0° to
8°, and Revnolds numbers from 2.3X10% {o
4.2 107 per foot. A comparison of wind-tunnel
and flight Reynolds numbers is shown in figure 17,

The effectivencss ol roughness

DATA REDUCTION

Frece-stream Maeh numbers were obtained from
appropriate test-region flow calibrations for ratios
of measured stagnation pressures 1o measured
pressures in the tank surrounding the slotted test

———— E-foot transonic tunnel; p, = | gtmosphere
—— —— B-foot tronsonic pressure tunnel; Py = | atmosphere:
————— Flight; stondard atmospheric conditions

gxics - - , -

. Pressure oltitude, /p, ft
, O (sec level)

M

(2) Reynolds number per foot.
(b Reyiolds number based on linear dimension equal to
probe diameter of 0.031 foot and wind-tunnel test
conditions.

Frovre 17, --Reynolds numbers for transonie-wind-tunnel
tests w atmospherie stagnation pressure and for flight
at stan-lard atimospherie conditions,
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seetion.  Free-stream static pressures were ob-
tained from the free-stream Mach numbers and
the stagnation pressure by use of isentropie-flow
tables.

The probe-test results were generally presented
in terms of the static-pressure-crror parameter
PZ 2= \which could be readily interpreted in terms

Pe
of altitude error (as previously illustrated in fig. 2)
or in terms of errors in other air-data parameters,
The position-error measurements were expressed
. N .
in terms of a parameter (//1))* *, which was a

Pe
modification of the parameters used i references 1
and 9. Reference 24 presents simple equations for
relating the various air-data parameters,

No corrections for houndary interference have
been applied to data from the present investiga-
tion. Interference effeets are believed to be
negligible at subsonie speeds but appreciable at
low supersonic speeds where disturbances [rom
the test-section boundary may influence the flows
at and upstream of the regions occupied by the
pressure-sensing orifices on the probes (refs. 12
and 25). The supersonie speed ranges within
which boundaryv-reflected disturbances mav in-
fluence the probe pressures are indicated in the
data plots.

PRECISION

At subsonic and sonic specds the maximum
random crror in measuring the difference between
the local or probe-indicated statie pressure p and
the tunnel reference pressure pre by use of a liquid
manometer was estimated to be less than 1.5
pounds per square foot, and the assumption of an
equal maximum crror associated with the accuracy
and repeatability of tunnel flow calibrations vields
a possible maximum error of approximately 3
pounds per square foot. This combined crror is
equivalent to values of AV less than 0.003 and to

alues of 7' = anging from 0.0016 at M,=0.4
Pe
to 0.0027 at A/, =1.0.

At supersonie speeds the maximum random
error in determining Ap (that i3, p—p.) largely
depends upon  test-region  flow nonuniformities
which vary with Mach number. At some super-
sonic specds outside the region of possible influence
of boundary-reflected disturbances on probe data,

the maximum absolute error may be about the
same a8 that at subsonie speeds, whereas at
others it may be sufficient to produce values of

AM greater than 0.004 and values of P70 ear
P
0.005.

The maximum error in determining the attitude
of a model or probe with respeet to the average
direction of the airstream was estimated to be
about 0.2°,

RESULTS AND DISCUSSION

POSITION-ERROR MEASUREMENTS

The results of the present position-error-meas-
urement tests, which were condueted to supple-
ment existing position-crror information in ref-
erences 1oand Y, are given in figure 4. These
data are presented in the form of curves showing

— s
Pe
with distance »/f at. Mach numbers from 0.40 to
1.02. The present test data, which include posi-
tion-error measurements ahead of the three hodies
of figure 10, are in relatively close agreement with
one another and with data from references 1 and
9. This data correlation affords evidenee con-
cerning the satisfactory agreement of flight and
wind-tunnel data and the general adequacey of the
emploved error parameter for relating position-
error data for different acrodynamice configura-
tions. The faired curves shown in figure 4 appear
gencerally  suitable for estimating the  position
error ahead of arbitrary configurations, although
these curves may be inadequate for accurately
predicting the error at axial locations very near
configurations  having blufl  noses  or abrupt
shoulders near the nose. The data of figure 4 also
indicate that the magnitude of the position error
ahead of a slender-nose configuration 1s somewhat
smaller at @a=8° than it is at a=0°, as expected.

.. s P
the variation of the error parameter (//1)? /

AERODYNAMIC COMPENSATON FOR POSITION ERROR

Experimental verification of error-compensation
method.— The results of wind-tunnel tests con-
ducted to investigate the error-compensation per-
formance of probes 1, 3, end 4 (fig. 11(2)) at three
seleeted locations nhead of the slender-nose air-
eraflt model (tig. 10(n)) are shown in figure 18,
These results were obtained from single-attempt
tests based on estimates (using data from figs. 4
and 3) designed to vield the smallest maximum
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static-pressure crror for Mach numbers up to
about 1.02. The data ol figure 18(a) show the
adequacy of probe 1 for acrodynamically com-
pensating the position error at a location 0.87
fuselage diameter ahead of the model nose for
Mach numbers from 0.4 1o slightly above 1.0, The
resultant static-pressure error with compensation
is shown to be less than 0.5 percent up to a Mach
number slightly greater than 1.0 The data of
ficure 18(h) illustrate the suitability of probe 3 for
acrodynamically compensating the position error
at a location 0.79 fuselage dizmeter ahead of the
model nose for Mach numbers up to 1.0. The
resultant static-pressure error with compensation
is less than 0.5 pereent.  Similar data for probe 4
are shown in figure 18(c). In this case the very
large position error at a location 0.27 fusclage
diameter ahead of the model nose is compensated
within 0.5 percent of the statie pressure at Mach
numbers up to nearly 1 0. In each of the three
instances shown in figure 18, the indicated differ-
ences between estimated and measured errors with
compensation are sufficiently small to be within
maximum possible inaceuracies associated with the
teehniques  emploved  for estimates  and
neasurenents.

crror

The test results shown in figure 18 constitute an
experimental verification of the method used herein

@? ac: .
O Meosured error without compensation
O Measured error with compensahion
- — — Estimated error with compensation
O

'

-02° = poundary-retlected disturbances * 1
on probe data e
-04 o) ' E O S
T3 4 5 6 7 8 9 10 11 2
MQ)

() Probe | with orifices located 0.87 fuselage diameter
ahead of model.

Fiaere 18- Lxperimental verification of method em-
ploved for acrodyuamic compensation for position error
ax provided by tests of small-xize probes ahead of slender-
nose aireraft model in the Langley 8-foot transonie
tunnels,  a=0°%: p,= 1 atmosphere.

Mo, 2@
—

O =345 in.

¥=079 0
o] Measured error without compensation
a Measured error with compensation

————— Estimated error with compensation

.06 - 1
o4t | o P
02 ! ‘ o
b H i P ‘
ppy | 1 !
O] IR
) My region of possible o~
=62 ! influence of boundary- * !
. reflected disturbonces.”. , . |
val © on probe dato ----
e [ o A s
SRR Loy
O6l(b) i ‘ i ‘ I i H i A‘
3 4 5 [S] 7 .8 9 1.0 I 12

©  Measured error without compensation
O Measured error with compensation
AAAAA Estimated error with compensation

'°'T'1TI{I\\‘*11:W!"'

(b) Prooe 3 with orificex located 0.79 fuselage dinmeter
ahead of model.

(¢) Prooe 4 with orifices located 0.27 fuselage dinmeter
ahead of model.

Frauvre 18.—-Conecluded.

for aerodynamic compensation for position crror
at subsonic and near-sonic speeds.  The results
also n licate that position errors at various loca-
tions [ -om 0.27 to 0.87 fuselage diameter ahead of
a slender-nose configuration can be aerodynam-
ically ‘ompensated by use of appropriate probe
shapes to vield free-stream static pressure with
resultant errvor of less than 0.5 pereent, which is
cquivalent to an altitude error of about 100 feet,
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throughout the range of Mach numbers from 0.4
to about 1.0.

Repeatability of error compensation.--Probe 2
of the same design as probe T was tested to check
repeatability of the results.  Figure 19 shows the
excellent agreement between the performances of
probes 1 and 2 which, mcadentally, were con-
structed in different machine shops and tested in
different wind tunnels.  Indieated differences in
the data for the two probes are within the esti-
mated precision of measurements.

Sensitivity of aerodynamic compensation to
axial location of probe.——The sensitivity of acro-
dynamic-compensation performance of a probe to
axial lozation of the probe ahead of the aireraft
model or conficuration may be illustrated by
examining the data of probe 1 obtained at several
locations ahead of the slender-nose model (fig. 20).
These data indieate that the measured statie-
pressure crror with compensation changes in the
manner to be expected when the probe loeation is
changed.  For example, a comparison of data for
locations 0.87 and 0.95 fuselage diameter ahead of
the model indicate that this 9-percent change in
the probe location yields appreciable but acceept-
able pressure-error differences in the expeeted
direetion at near-sonic and high subsonic speeds.

M, Po

_—

0:=3.151n.

L 950

O Measured error without compensation
Measured error with compensation
a] Probe | tested in 8-foot T.PT.
(o} Probe 2 tested in 8-foot T.T.
-—-—- Estimated error with compensation
,06 I T ’]" "]‘7'["' T |
I

04 . o o J S N

P-Pwo

FARSS G S
f
|

&

P

R L

— S PU— 1. . mmed
My, region of possible influence of —;k—
-02 “boundary-refiected disturbances o’n,fl al
F——1 —tprobe doto —p=. p o g4 T Pt
-04 D R A Y L,;i,,L,, B N
3 4 5 6 Ng 8 9 1.0 1.1 1.2
Ma)

Fraure 19, THustration of repeatability of position-error
compensation as indicated by tests of two probes of the
same design (probes 1 and 23 at an axial location 0.95

ahead of the model.

fuselage diamoter slender-nose

a=0%; p,=1 atmosphere.

M, Po
——————

©  Measured error without compensation
D Measured error with compensation
————— Estimated error with compensation

w087 | [k e

04 R

p-p0 LT )

P T - R
o ;

My, region of possible_ir-\fTu:eEc_e_of br;undory— ~sler
reflected disturbances on probe dota} -

A .

-.02
.04

.02

PP
Po O

s

-.02

-04 _
. 1.2

Frovee 20,
compensation performance of probe to axial location
of probe ax indicated by tests of probe 1 at several
locations  ahead of the model.  a—0°;
p. - | atmosphere,

Hustration of =ensitivity of acrodvnamice-

slender-nose

For a location 1.19 fuselage diameters ahead of
the model large pressure-sensing errors occeur in
the direction of overcompensation,

Influence of probe-geometry modifications. -
Gradual enlargement of the downstreant portion
ol a nose-boom pressure installation is sometimes
desirable for structural considerations and for
locating pressure-transduring equipment near the
pressure-sensing orifices,  Such an enlargement of
the downstream portion of probe 1 is shown (fig.
21) to have negligibly small influence on the error-
compensation performance of the probe.

A nose-shape modification due to the installa-
tion of a total-pressure opening at the upstream
end of acrodynamic-compensation probe 7 (fig. 16)
was shown to produce small pressure-sensing
changes (fig. 22(a)) notwithstanding severe flow
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D=3.15in.
~ 119D

Probe | without fairing

Ellipse with semimajor oxis parocllel
to probe axis

Semimingr ax1s
150

1.030-

-830~
-5 0= 320

- -

Probe | with enlargement fairing at downstream end

gz 229) - (25)
P P/ with P without

fairing fairing

.02 i
o S
P~Po N O oay, |
A( pm> C Oo— T : [T
e o »

3 4 5 6 7 .8 9 10 It
M

Fravre 200 Hlustration of negligibly small influence of
gradially enlarging the downstream portion of the nose
boom on the performance of an aerodynamic-compen-
=ation probe abead of the slender-nese aireraft configu-

ration.  « 0° p,=1 atmosphere.

1.00 in.
Ma)v Po (//_’p—'—j i ’ h
—_— : 4 B
— ]
- 495in ok } 4375 in.
- 6.00 in. .{ .05 in.
(nose, £:12)
i O Probe & with pointed nose
. 375 in.
. .094 in. ) 100 in. 3
o o '
gee [ b -Tm o
' h = - ¥ g
R 408in ™~ . .82 in- i
N - 513 in - 105 in.
(nose, £:12)

O Probe 7 with total-pressure opening in nose

A(ﬁ-%) B (ﬁ-%)
P P | with r1or01-
pressure opeming

.02 v E [ S S

PP

< o )mmour tot0!-
pressure opening

i o
S P P P .
A(p—pm) G o i \I \Tn'L1 - (; ‘ [ Y‘Oﬂ OD[L
f
|

Po My, region of possible influence of boundary- | |
—op reflected disturbances on probe dato-. -+ b (o)}
T3 4 5 6 7 8 .9 10 L 12

Mo
(:00 Ditferences between statie pressures sensed by probe 7
and orifices at location 2 on probe 6.

Frovre 220 Hlustration of the influence of a totul-
pressure opening on the performance of an aerodynamic-
compensation probe. a=0°% p,= [ atmosphere,
disturbances ahead of the static-pressure orifices
(fig. 22(b)).

Error-compensation difficulties arising from
mode! bluffness and associated pressure gradi-
ent. -The crror-reduction performances of prohes

4 and 5C tested ahead of the bluff-nose body (fig.
10(b)) are shown in figure 23 (). At a location on
the body center line about 0.93 body diameter
ahead of the body nese, the estimated reduetion in
crror by means of compensation was not fully
realized by use of probe 4 (fig. 23(a)). The reason
for this performance appeared to be associated
with he positive pressure gradient which was
sufliciently severe to promote flow separation (fig.
23(b)) and to prevent the attainment of desired
probe-induced pressures.

In an attempt to avoid some of the difficulty
expericneed in acrodynamically compensating for
positicn error for the bluff-nose body, probe 5C
was Lested off the body center line as shown in
figure 23(a). For this test the probe was properly
oriented to avoid likely effecets of upflow. The test
results, presented i figure 23(a), indicated that
the nerodynamic compensation of probe 5C at a
location 0.93 body diameter ahead of the bluff-
body nose and off the body axis was essentially the
same #3 that of probe 4 tested on the body center
line. With this same off-center arrangement e 49-
percent extension of the pressure-sensor location
from 0.93 to 1.39 body diameters ahead of the
body approximately equivalent to the length of
the separated-flow region shown in figure 23(b))
was neeessary in order to compensate 2erodynami-
cally for the statie-pressure error with an accuracy
of 0.5 percent at Mach numbers up to nearly 1.0.
Figure 23(a) also ineludes data which show that,
for a Mach number of about 0.9, the acrodynamic-
compeasation performance of probe 5C was essen-
tinlly “he sane for angles of attack of 0° and 4°.
A shightly different indicated probe performance
for a:=—4° was associated with the improper
orientution ol probe orifices for this attitude.

The results of testing probe 5 with pressure
orifices located 0.75 body diameter ahead of the
intermediate-nose body of figure 10(¢), such as
might be emploved for a subsonie transport con-
ficuration, are shown in figure 24, These test
results indicate that probe 5 adequately com-
pensated the position error with a resultant statie-
pressuce error of less than 0.5 percent at Mach
nuwmbcrs from 0.4 to 0.92 for angles of attack of 0°
and 6. The experimentally determined suitable
location for probe 5 was about 36 percent farther
upstream from the body nose than that estimated.
This cifference in estimated and experimentally
deternined probe locations for accurate perform-
approximately  equal to  the

anee  was  again
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L-59-23l

Me=1.043

(b) Schlieren pictures of flow field about probe 7.

Fraure 22—Concluded.

length of the region of separated flow observed
ahead of the nose.

The occurrence of separated flow ahead of
models, previously noted for the bluff-nose and
mtermediate-nose bodies, wuas not observed for
the slender-nose configuration.  For the slender-
nose configuration, estimated and measured probe
performances were in close agreement (fig. 18).

A correlation of observed differences bhetween

estimated and measured performances of aero-
dynamic-compensation probes ahead of slender-
nose, intermediate-nose, and bluff-nose  bodies
indieated that probe-sensed pressures were larger
than estimated pressures by amounts which con-
sistently varied with model bluffness and associ-
ated severity of flow gradient.  Whereas such
differences might be negligibly small for appli-
cations involving slender-nose aireraft or model
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configurations, they could be large for cases in-
volving bluff-nose and intermediate-nose  con-
figurations for which the extent of the separated
flow region must be considered.

AERODYNAMIC REDUCTION OF COMBINED ERRORS DUE TO
POSITION AND BOW-WAVE PASSAGE

This investigated method for direetly sensing
free-stream pressure at low supersonic speeds and
aerodynamically compensating for position error
at subsonic speeds involved the use of probe
designs 1A and 1B (fig. 13). Tests of these probes
at a location 1.19 body diameters ahead of the
slender-nose  body ol figure 10(n) yielded the
results shown in figure 25.  Pressures slightly
larger than free-stream values were indicated by
probe 1A at low supersonic specds. Pressures
larger than free stream indieated by probe 1A
were reduced to values somewhat lower than free-
strewm pressures by closing the upstream ring of
orifices us shown by the data applying to probe 1B
in figure 25. These results demonstrated the
feasibility of designing a single system of probe

orifices for accurately sensing free-stream static
pressuie at low supersonie speeds and acrodynam-
ically compensating for position error at subsonic
and near-sonic speeds. With this orifice system the
static-pressure errov is again less than 0.5 percent
at subsonic speeds and at supersonic speeds up
to M=1.15. BSlightly larger error occurs at
A>1.15. Further reduction of the error at
supersonic speeds appeared possible by additional
refinement of design, but this was considered
unnecessury for the present tests of small-size
probes

Probes such as 1A and 1B (designed for use at
both subsonic and low supersonic speeds) generally
vield smaller induced pressures, and thus require
longer nose booms, than do probes such as 1 to 5
(desigried for use only at subsonic and near-sonic
speeds).  Also, at supersonic speeds the near-free-
stream pressures indicated by probes similar to 1A
and 1B generally become more positive with
increase in - Mach number. Improvements in
probe performances at supersonic speeds may be
afforded by design refinements.

AERODYNAMIC REDUCTION OF COMBINED ERRORS DUE TO
POSITION AND ATTITUDE

Effect of probe inclination on sensed pres-
sures. —The effect of probe inelination on average
pressu es sensed by an isolated probe with orifices
distribiated around its entire circumference s
illustruted by experimental data in figure 26.
These data were obtained from calibration tests
of prol e 6 (fig. 15(a)) supported in the wind-tunnel
test section as shown in figure 9(h). The data
of figure 26 showed that inclination of the probe
with respect to the airstream direetion produced
probe-indicated pressures which were generally
lower than pressures for zero inclination.  The
magni ude of this effect, expressed in terms of
error n gensing free-stream static pressure, in-
creased with inerease of Mach number and probe
inclination. This information indicated that fairly
large probe inclinations may be tolerated at low
subsoric speeds, whereas only small deviations
from z->ro inclination are permissible at near-sonie
speeds if the static-pressure error is to he kept
within 0.5 percent for a probe with orifices dis-
tributed around its entire circumference,

The effect of a probe angle of attack of 12° on
pressures sensed by orifices  circumferentially
located 30°, 33°, 36°, 37.5°, and 40° from the
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M= 0.80

My, =0.90

M= 0.95

M= 1.00

(b Sehlicren pictures showing separated flow in boundary layer of probe 4 ahead of,

and on axial center line of, bluff-nose body of revolution.

L-59-232

Meg=1.01

a=1{"°.

Fisure 23.—Concluded.

bottom of a cylindrical tube is illustrated by
experimental data in figure 27, The data of figure
27 also include pressures sensed by orifices cir-
cumferentially spaced 30° apart around probe 6
at location 4 (figs. 15(a) and 26). The results
indicated that orifice locations about 37.5° from
the stagnation point of the crossflow around a

cyvlindrical tube were satisfactory for sensing

approximate free-stream static pressures at Mach
numbers from 0.4 to 1.2 for angles of attack as
large as 12°. The adequacy of the 37.5° orifice
location for providing free-stream pressures at
higher supersonic speeds is indicated by data in
references 20 and 21.

Effect of body angle of attack on position
error..—No detailed measurenmient of position-error
variation with body angle of attack was included
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Firaure 25.—Experimental performance of probes 1A and
IB tested ahead of the slender-nose model.  «:=0°;
p:= 1 atmosphere.

in the present investigation but some limited
information was obtained as a byproduct of other
related measurements. These included static-
pressure measurements showing the magmtude
of posirion error at a location 0.87 body diameter
ahead of the slender-nose model at angles of
attack of 0° and 8° (fig. 28). The measurements
mdicatad that the position error at a=8° was less
than that at a=0° which was in the proper
direction. Approximate compensation for posi-
tion-error variation with body angle of attack
may be combined with the compensation for error
due to probe inclination.

Aerodynamic reduction of static-pressure errors
due to position and angle of attack.—Probe 1C
(fig. 14) having the orifice location at 37.5° for
compensation for both position and angle-of-attack
error is seen from figure 28 to be effective in keep-
ing the resultant static-pressure errors, essentially
the same for angles of attack of 0° and 8°, to
within 0.5 percent at Mach numbers up to about
1.0. Although this excellent error-reduction per-
formance is limited to inclinations in the angle-
of-attack plane for the case of a fixed probe (such
as the one tested), it may be realized for inclina-
tions 1t other planes by designing the pressure-
sensing portion of the probe to rotate about the
probe .xis and automatically locate the orifices
37.5° fiom the stagnation point of the crossilow.

Another simple method of combining compen-
sation for angle-of-attack error with position-
crror compensation vielded the results shown in
figure 24. The investigated technique involved
the celeulated undercompensation of position
error a3 a=0° in order to minimize errors due to
angle of attack for the case of & probe with orifices
located around its entire eircumference. The
measutements of figure 24 were obtained by use
of probe 5 (fig. 11) at a location 0.75 body diam-
eter ancad of the intermediate-nose body at
angles of attack of 0° and 6°. The resultant
statie-pressure errors with compensation were
shightly  positive at a=0° whereas they were
slightly negative at @=6°, but in no instance did
the error exceed 0.5 pereent at Mach numbers
up to 0.92 (fig. 24). Similar performance is to
be expected for inclination in planes other than
angle of attack beecause of the close and sym-
metrical distribution of orifices around the entire
circumference of the probe. Because of its sim-
plicity and its independence of the plane of
inclinazion, this technique appears particularly
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suitable for use in connection with pressure-
sensing  syvstems  of acrodvnamic missiles, pro-

vided the flow angles remain small or moderate.
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CONCLUSIONS

Several methods for acrodynamic reduction of
errors in sensing static pressures from aireraft at
subsonie, near-sonic, and low supersonic speeds
were investigated by tests in transonic wind tun-
nels.  The results warranted the following con-
clusions, which are applicable for the employved
ranges of test conditions:

1. Position-crror measurements ahead of sev-
eral aerodynamic configurations tested in wind
tunnels were in close agreement with related
flight data, and the combined information pro-
vided a suitable means for estimating position
error ahead of airceraft configurations.

2. A method for acrodynamic compensation
for position error by means of probe-surface
indueced  pressures was  experimentally  verified.
The method permitted the direct indication of
free-stream static pressure with an error of less
than 0.5 percent at subsonic and near-sonic speeds.

3. The direct indication of free-stream statice
pressures provided by aerodynamic compensation
for position error at subsonic and near-sonic
speeds was extended to supersonie speeds by means
of an orifice arrangement based on a fundamental
difference between subsonic and supersonie pres-
sure distributions.

4. The repeatability of aerodynamic-compensa-
tion performance was demonstrated by the close
agreement of test results for different probes of
the same design tested in different wind tunnels.

5. The performance of an acrodynamic-compen-
sation probe was not greatly influenced by a
gradual enlargement of the downstream portion
of the probe or by incorporation of a total-pressure
opening in the nose of the probe.

6. The performance of aerodynamic-compensa-
tion probes ahead of a slender-nose model was
approximately  that estimated, whereas  the
performance ahead of bluff-nose and intermediate-
nose medels was complicated by the severe pres-
sure gradients.  Proper compensation for error
ahead of bluff-nose and intermediate-nose con-
figurations can be obtained by making allowances
for existing flow conditions.

7. The method for acrodynamic compensation
for position error at subsonic and near-sonie speeds
was successfully combined with methods for acro-
dynamic reduction of errors due to angle of attack.

LaxarLey Reskparcnun CENTER,
NATIONAL AERONAUTICS AND NPACE ADMINISTRATION,

Lanc ey Frewo, Va,, February 25, 1059,
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